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PREFACE 


The  Conference  described  in  these  Proceedings  had  two  main  purposes:  to 
describe  ongoing  work  in  Army  aircrew  performance,  and  to  identify  the 
Army’s  requirements  for  behavioral  research  to  enhance  its  aviation  op- 
erations. One  hundred  and  forty  conferees  (operational  pilots,  research 
scientists,  and  military  planters)  from  the  United  States  military  and 
naval  services,  government  and  ndustry,  together  with  representatives  of 
three  foreign  countries,  lister, ed  to  a great  variety  of  papers  and  par- 
ticipated in  discussion  groups  addressing  important  aircrew  questions. 

This  volume  is  a record  of  whai  they  heard  and  what  they  discussed.  Out 
of  their  discussions  and  the  wo>  > of  the  committee  responsible  for  devel- 
oping the  conference,  a progra-  of  research  to  support  the  changing  and 
increasing  demands  of  Army  av'ntion  has  been  developed.  It  is  to  be  hoped 
that  those  who  read  tttese  Proceedings  will  carry  on  the  effort  initiated 
by  the  conference,  an  effort  which  should  ultimately  lead  to«signif1cant 
improvements  in  Army  ; iation  effectiveness. 


CHARLES  D.  DANIEL,  JR. 

Major  General,  GS 
Director  of  Combat  Support  Systems 
Office  of  the  Chief  of  Research, 
Development  and  Acquisition 
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STATEMENT  OF  THE  PROBLEM 

This  paper  addresses  a vital  problem  which 
dictates  the  success  or  failure  of  very  low  al- 
titude flight  missions.  The  problem  involves 
the  visual  capabilities  of  the  helicopter  pilot 
during  low  altitude,  VFR  flight.  It  may  be  de- 
fined as  establishment  of  the  pilot's  visual 
workload.  To  study  this  involves  defining  the 
visual  work  activity  framework  within  which  to 
measure  visual  workload. 

The  urgency  of  this  problem  stems  from  the 
trend  to  add  to  the  pilot's  existing  tasks.  He 
is  now  asked,  in  fighter  and  scout  helicopters, 
to  perform  two  new  tasks:  (1)  to  increase  his 
surveillance  activities  in  the  target  area  since 
the  gunner  is  becoming  a head-down  crew  member 
during  attack  and  search  mission  phases,  and  (2) 
to  act  as  a substitute  gunner  by  using  a helmet 
mounted  sight  and  a headtracker  to  direct  turret 
mounted  weapons  or  armament.  These  tasks  must 
be  performed  in  addition  to  the  extremely  de- 
manding task  of  nap-of-the-earth  flight.  We  are 
examining  the  problem  of  how  much  visual  time 
the  pilot  has  to  perform  these  tasks.  Continuing 
studies  must  define  the  time  required  of  these 
additional  tasks  so  that  the  time  required  can 
be  matched  with  the  time  available.  Any  over- 
burdening of  the  pilot  must  be  addressed  by 
tactical  and  operational  planners. 


DEFINING  VISUAL  WORKLOAD 

We  shall  refer  to  visual  workload  as  those 
visual  activities  which  are  necessary  for  the 
accomplishment  of  the  mission.  This  by  no  means 
separates  it  from  the  other  types  of  workload 
required  of  the  operator,  such  as  the  manual 
workload,  the  auditory  workload,  and  the  cogni- 
tive workload.  Certainly  these  all  combine  to 
result  In  the  total  workload.  In  attempting  to 
define  the  visual  task,  many  studies  have  used 


the  technique  of  photographing  the  eyes.  The 
results  of  these  studies  provide  data  on  eye  fix- 
ations of  foveal  vision  and  have  application  to 
IFR  conditions,  but  because  they  cannot  identify 
activity  in  the  periphery,  their  application  to 
VFR  flight  seems  limited. 

It  is  our  thesis  that  the  experienced  heli- 
copter pilot,  flying  VFR,  has  developed  an  ex- 
tremely sophisticated  visual  scan  procedure,  that 
he  relies  heavily  on  peripheral  viewing  tech- 
niques, and  that  his  scan  pattern  priorities 
change  dramatically  as  a function  of  altitude 
and  maneuver,  particularly  during  nap-of-the- 
earth  flight  in  helicopters. 

A series  of  short  flight  studies  has  con- 
vinced us  that  there  may  be  a means  of  identify- 
ing the  pilot's  visual  activity  during  VFR  flight 
which  then  permits  defining  the  VFR  visual  work- 
load. This  combines  subjective  reports  from  the 
pilot  himself  and  the  construction  of  an  ancil- 
lary visual  task,  completely  irrelevant  to  the 
flight  task.  The  performance  on  this  additional 
task  can  be  quantified  in  terms  of  duration  and 
frequency  and  will  give  an  estimate  of  foveal 
visual  or  fixation  activity  without  interfering 
with  the  normal  visual  field  of  the  pilot.  Per- 
formance on  this  additional  task  we  have  called 
visual  free  time  (VFT),and  it  may  be  used  to 
estimate  time  available  for  any  added  visual 
tasks  the  pilot  could  be  asked  to  perform. 


THREE  STUDIES 

HELMET-SIGHT  STUDY 

One  study,  performed  with  the  U.S.  Army 
Night  Vision  Labs  (Bell  Helicopter  Company.  1973) 
was  designed  to  examine  total  pilot  performance 
during  low-level  flight  using  a helmet-mounted 
CRT  with  a daylight  TV  image.  The  TV  camera, 
mounted  in  a turret  on  the  front  of  a HU-1 
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helicopter  was  directed  by  the  pilot's  head 
.through  a mechanical  tieadtracker . 

Video  tape,  taken  to  provide  proof  of  the 
success  of  the  flight,  was  examined  later  to 
assist  in  defining  visual  activities.  This  was 
achieved  by  measuring  the  direction  of  turret 
position  and  thus  the  area  of  general  visual 
scan  the  pilot  desired. 

The  pilot  successfully  and  without  assis- 
tance performed  the  following  maneuvers: 

e takeoff  and  climb 
a cruise 

a search  for  navigation  fix  and  letdown 
a low  altitude,  terrain  following  flight 
a approach  and  land 

For  scoring  purposes,  three  pitch  positions  and 
two  azimuth  positions  were  identified.  Pitch 
scores  compared  TV  position  with  the  horizon 
line,  0°  to  5*  down,  5°  to  10°  down  and  over  10° 
down.  Total  field  of  view  In  pitch  was  ± 10°, 
thus  in  the  third  position  the  pilot  was  unable 
to  see  the  horizon.  Azimuth  scoring  employed 
only  the  dichotomous  score  relating  to  a longi- 
tudinal or  pilot  centerline  index.  Scores  indi- 
cated if  the  picture  was  in  or  outside  of  the 
picture.  The  field  of  view  in  azimuth  was  ± 15°. 
Figure  1 shows  these  positions.  Use  of  these 
positions  varied  with  the  maneuver.  During 
take-off  and  cruise  maneuvers,  approximately  half 
of  the  time  the  turret  position  was  at  zero, 
during  landing  approach,  83  percent  of  the  tur- 
ret time  was  at  this  position.  As  the  aircraft 
approached  NOE  flight,  larger  and  larger  per- 
centages of  time  were  spent  looking  down. 

Figure  2 shows  the  relationship  of  percent  of 
total  time  spent  for  each  maneuver  with  the  tur- 
ret in  one  of  the  three  pitch  positions. 

Of  equal  Interest  are  the  times  spent  in 
each  position.  These  turret  position  times,  re- 
presenting visual  scan  time,  decrease  in  dura- 
tion as  altitude  decreases.  As  may  be  seen  in 


Figure  3,  the  change  is  from  approximately  six 
seconds  per  scan  to  one  second  per  scan.  The 
turret  position  used  the  greatest  percentage  of 
the  total  time  and  has  been  labeled  "normal"  and 
scan  excursions  from  that  position  were  measured. 

Scan  excursions  in  azimuth  are  presented 
In  Figure  4.  Here  again  the  total  percent  of 
time  spent  in  any  one  turret  position  changes 
from  maneuver  to  maneuver.  For  NOE  flight  the 
pilot  is  using  his  azimuth  movement  capability 
for  much  larger  percentages  of  the  total  time 
than  during  other  maneuvers.  The  latency  scores 
for  these  data  are  presented  in  Figure  5 where 
all  excursions  in  azimuth  are  indicated  as 
utilizing  one  to  three  seconds. 

This  study  pointed  up  the  changing  pattern 
and  time  segments  in  visual  scan  techniques 
during  VFR  flight  at  low  altitudes. 

SUBJECTIVE  REPORT  STUDY 

A different  study  attempted  to  determine 
visual  scan  patterns  during  VFR  flight  by  uti- 
lizing the  straightforward  technique  of  asking 
the  pilot  where  he  was  looking  (Bell  Helicopter 
Company,  1972).  Data  were  recorded  on  a tape 
recorder  through  an  open  mike.  The  pilot  was  to 
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Figure  2.  Percent  total  time  of  pitch  positions. 
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Figure  I.  TV /turret  positions  for  scoring. 


Figure  3.  Viewing  time  for  pitch  positions. 
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Figure  4.  Percent  total  time  of  azimuth 
pos i t i ons . 
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Figure  b.  Viewing  time  for  azimuth  positions. 


talk  into  the  mike  almost  continuously,  report- 
ing where  he  was  looking.  Samples  of  recorded 
scan  segments  included:  outside,  altimeter, 
airspeed,  caution  panel,  and  engine  cluster. 

Data  were  collected  on  four  different  maneuvers. 
The  first  three  were  straight-and-level  or 
level -with-terms.  The  fourth  was  a landing 
approach. 

The  interesting  point  for  this  discussion 
was  that  under  normal  conditions,  the  pilot 
spends  as  much  as  approximately  80  percent  of 
his  time  looking  outside  of  his  aircraft.  Figure 
6 presents  the  total  percentage  of  time  spent 
looking  both  inside  and  outside  on  the  four 
maneuvers. 

VISUAL  FREE  TIME  STUDY 

With  the  modification  to  the  Bell  AH-1G  to 
accept  the  TOW  missile,  the  requirement  to  study 
the  visual  workload  of  the  pilot  became  in- 
creasingly important.  To  study  this  we  drew  on 
previous  experience  with  a secondary  visual  task, 
to  load  and  overload  a pilot,  developed  for  a 
simulator  evaluation  study  (Bell  Helicopter 
Co  oany,  1973).  For  the  current  project,  the 
pilot  was  asked  to  attend  to  the  task  when  he 
was  not  performing  any  other  visual  task,  either 
innde  or  outside  the  helicopter.  Safety  of 
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flight  was  to  be  considered  of  prime  importance. 

The  task  was  a reading  task  of  random 
words.  Data  were  recorded  through  an  open  mike 
on  tape.  The  visual  stimulus  was  placed  in  a 
position  close  to  the  pilot  centerline  on  the 
panel . 


Three  pilots  performed  the  task  of  flying 
straight  and  level  over  known  terrain  in  perfect 
VFR  conditions  at  each  of  three  absolute  alti- 
tudes: 300  feet,  100  feet,  and  NOE,  or  as  low 
as  they  felt  safe.  NOE  resulted  in  an  altitude 
judged  by  observers  and  copilots  to  be  approxi- 
mately 25  to  75  feet  over  terrain  or  treetops 
and  has  been  labeled  at  50  feet  in  the  figures. 
Each  run  was  approximately  two  minutes  long  and 
was  flown  at  80  knots.  The  terrain  included 
river  bottom  land,  open  f.ields,  heavy  tree 
growth,  and  combined  open  fields  with  intermit- 
tent trees. 

The  results,  as  indicated  in  Figure  7,  show 
visual  activity  in  terms  of  visual  tree  time  or 
the  time  the  pilot  spent  performing  the  added 
visual  task.  Data  points  are  plotted  for  each 
pilot  and  represent  a mean  of  his  runs  at  the 
Indicated  altitude.  The  solid  line  represents 
the  mean  of  all  data  points.  Large  Individual 
differences  are  Indicated  at  300  feet  where  the 
spread  is  from  17  percent  VFT  to  77  percent  VFT. 
This  reduces  at  NOE  to  a much  smaller,  and 
probably  insignificant,  spread. 

One  run  was  made  with  each  pilot  at  the 
300  foot  altitude  where  the  stimulus  material 
was  presented  to  the  pilot  90°  off  axis  from  the 
aircraft/pilot  centerline.  The  dashed  line 
begins  at  300  feet  at  this  point  and  parallels 
the  solid  line,  thus  indicating  what  might  be 
expected  In  terms  of  visual  free  time  if  the 
pilot  were  scanning  ± 90°  from  centerline. 

The  figure  indicates  that  when  flying  NOE 
under  the  optimal  conditions  stated,  the  pilot 
has  no  more  than  15  percent  of  his  total  time 
that  he  could  attend  to  any  added  visual  task. 

The  next  piece  of  Information  needed  in 
order  to  apply  these  kinds  of  data  to  a workload 
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Figure  7.  Percent  visual  free  time. 


format  is  the  useful  visual  scan  interval  of 
which  the  15  percent  VFT  is  composed.  Figure  8 
shows  the  length  of  the  scan  interval  as  a func- 
tion of  altitude.  Again  there  are  wide  differ- 
ences at  300  feet  but  at  100  feet  and  50  feet 
these  reduce  to  probable  insignificance.  Thus, 
NOE  flight  permits  the  pilot  no  more  than  one 
second  duration  scan  intervals.  This  corre- 
sponds with  the  data  from  the  TV  study.  The 
single  data  point  at  300  feet  of  the  off-axis 
data,  when  projected  parallel  to  the  on-axis 
data, indicates  that  for  a one  second  scan  inter- 
val, the  pilot  must  be  at  100  feet.  NOE  he  will 
have  only  a fraction  of  a second. 

The  manner  in  which  the  pilots  chose  to 
distribute  these  short  scan  intervals  may  be 
seen  in  Figure  9.  These  data  are  not  as  homo- 
geneous as  those  of  the  previous  figures.  Wide 
individual  differences  may  be  seen  from  the  in- 
dividual plots  of  the  data  points.  Means  indi- 
cate, however,  that  there  are  approximately  nine 
scan  segments  per  minute  and  if  these  averages 
are  representative,  this  behavior  does  not 
change  drastically  as  a function  of  altitude. 

The  fol lowing  general  applications  may  be 
drawn  from  these  small  studies  and  sparse  data: 

• The  pilot  changes  priorities  of  visual 
scan  sequences  with  VFR  maneuvers  and 
with  altitude 

• the  duration  and  frequency  of  visual 
scan  intervals  change  between  NOE  and 
300  feet  of  altitude 

• below  100  feet,  any  demands  on  the  pi- 
lot's time  can  only  be  of  the  simplest 
type  unless  he  is  unburdened  from  his 
visual  tasks. 

If  changes  in  pilot  visual  performance  are 
to  be  achieved,  there  are  two  avenues  which  the 
, aircraft  sy  em  planners  and  designers  should 
Investigate.  The  first  may  be  to  provide  auto- 
matic sensing  devices  to  supplement  some  of  the 
visual  tasks  the  pilot  must  perform.  The  second 
may  be  to  divide  responsibilities  between  crew 
members. 


SECONDS 


Figure  8.  Time  per  scan  interval. 


SECONDS 

Figure  9.  Scan  intervals  per  minute. 


A more  definitive  and  applied  look  at 
visual  behavior  in  the  flight  environment  is  in 
order.  These  few  flight  studies,  however,  sug- 
gest a quick  means  of  gathering  the  data  needed 
now  without  altering  the  visual  environment. 
These  data  are  required  for  HFE  and  behavioral 
scientists  for  both  analyses  of  the  human  in  the 
system  and  for  definitions  of  pilot  workload. 

We  would  suggest  the  following  areas  of  . 
study  be  seriously  investigated. 

(1)  Visual  workload  criteria  should  be 
gathered  at  night,  during  hover,  and  on  a large 
population  of  operational  pilots  to: 

• determine  total  duration  for  safe  flight 
at  NOE 

• define  total  visual  areas  pilots  can 
scan  at  various  altitudes 

• study  effect  of  speed. 

These  tests  should  be  conducted  when  the  pilot 
Is  over  unfamiliar  terrain  and  when  the  pilot  is 
required  to  navigate. 

(2)  Unburdening  the  pilot's  visual  channel 
should  be  studied  to: 
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• determine  effect  of  task  distribution 
between  crew  members 

• determine  symbology  which  could  be  dis- 
played on  a HUD 

• examine  techniques  of  utilizing  auditory 
advisory  data. 

The  need  is  urgent  for  these  data.  Detail 
designs  of  aircraft  which  will  be  asked  to  per- 
form in  the  environments  discussed  are  now  in 
process.  Without  definitive  data,  only  estimates 
of  pilot  performance  at  low  altitude  can  be  made 
for  such  designs.  We  risk  the  possibility  that 
the  pilot  of  tomorrow  may  be  the  limiting  ele- 
ment in  total  system  performance. 
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